Abstract-In this paper, acceleration motion of a single vertically falling non-spherically particle in
I. INTRODUCTION
The problem of acceleration motion of vertically falling spherical and non-spherical particle in Newtonian and Non-Newtonian fluids is relevant to many situations of practical interest. It is necessary to know the detailed trajectories of the accelerating particles for the purposes of design or improved operation. For example, the measurements of terminal velocity of raindrop in Newtonian fluids using the falling ball method. It is also necessary to know the time and distance required to reach the particle at terminal point to determine the reliable results for design models. In present, the non-spherical particle are considered. It is clear from previous literature the motion of particle is affected by particle shapes. Considerable attentions have been devoted to the study of the acceleration motion of spherical and non-spherical particles in fluids and an excellent account of theoretical development in this area has been given by Clift et al. [1] for spherical bodies. Less information is available in the previous literature for the case of motion of non-spherical particles. Many correlation for the drag coefficient in terms of the Reynolds number for motion of non-spherical particles were given in the literature [2] , [3] . From all these, one of the well-known analytical correlation between Reynolds numbers and drag coefficient for non-spherical particles is presented by Chien [4] = 30 + 67.289 (−5.03 ) Where Re= µ
Where drag coefficient and Re is Reynolds numbers. These are based on the equal volume sphere diameter [5] . Eq. (1) was stated to be valid in the ranges of 0.2< <1 and 0.001<Re<10000 for the different shapes of partical [4] . The analysis derived by Diagonal Pade' approximant and Varinational iteration method (VIM). The results of current methods are compared with the well-known R-K 4 th order method in order to verify the accuracy of the proposed methods. 
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II. PROBLEM STSTEMENT
Consider a rigid body, non-spherical particle with Sphericity , equivalent volume diameter D, mass m and particle density ρ is falling in an infinite extent of incompressible Newtonian fluid of density ρand viscosity µ , u represents the velocity of the non-spherical particle at any instant time t, and g is the acceleration due to gravity a [ 6] , [19] . Thus, the equation of the partical motion is given by m =mg (1-
Where the drag coefficient. In right hand side of the eq.(2), the 1 st term represent the buoyancy effect, the 2 nd term corresponds to drag resistance, 3 rd term is associated with the added mass effect which is due to acc. of fluid around the particle.
The non-linear terms due to non-linearity nature of the drag coefficient is the main difficulty in solving eq. (2) could be re-written as follows:
Where
III. DIAGONAL PADE' APPROXIMANTS
A Pade' approximant is the ratio of two polynomials constructed from the coefficients of the Taylor series expansion of a function u (t). The technique was developed around 1890 by Henri Pade', but goes back to Georg Frobenius who introduced the idea and investigated the features of rational approximations of power series. The Padé approximant often gives better approximation of the function and it may still work where the Taylor series does not converge. For these reasons Padé approximants are used extensively in computer calculation.. They have also been used as in Diophantine approximation and transcendental number theory. The [L/M] Pade' approximants to a function u (t) are given by [6] , [ 7] , [20] .
, where L=M (for diagonal pade' approximants)
Where ( ) is a polynomial of the degree of at most L and (t) is a polynomial of the degree of at most M. The formal power series is given
Find the coefficients 0 , 1 , 2 , 3 , …with help of Taylor's expansion for 1 = 2 = 3 = 4 = 1
The given equation (3) becomes and so on (6b)
Determine the coefficient of p L (t) and (t) by the help of eq.(6a) and take normalization condition (0)=1 (8) From eq. (7), u(t)-
To obtain a diagonal pade' approximants of a different order such as [3/3] , the symbolic calculus software MATLAB is used.
III.A. For pade' [1/1]
from eq. (10) 
III.B. For pade' [2/2]
u (t)- 
III. [3/3] for further investigation which is more accurate as compared to other order.
IV. VARINATIONAL ITERATION METHOD (VIM)
Jihuan He in 1997, was introduced Varinational iteration Method (VIM) [8] to solve the several nonlinear ordinary and partial differential equations. He's Varinational iteration method (VIM) has been extensively applied as a power tool for solving various kinds of problems [9] , [10] , [11] . Using VIM, Liu [12] . Slota obtained results for the Heat equation by VIM which were same as the exact solution [13] , [14] .To clarify the VIM, we consider the following differential
Where L is a linear operator, N is a nonlinear operator and g(t) is a non-homogeneous term. By using the Varinational iteration method, a correction functional can be constructed as
Where ʎ is a general Lagrange multiplier, which can be determined by the help of Varinational theory., the subscript n means the nth approximation; is restricted variation and δũ =0. [16] , [17] According to VIM , firstly we will find Lagrange multiplier and then trial function 0 to get the successive iterations +1 , n≥0 which converge to the exact solution . The solution is u=lim →∞ To solve eq. (3) using VIM [15] , the correction functional can be constructed as follows:
For 1 = 2 = 3 = 4 = 1, eq.(14) becomes
The stationary condition can be obtained as follows:
Subsequently, the Lagrangian multiplier is obtained as:
Substituting eq. (14c) in eq. (14a) and assuming 0 = 0, solution will be gained for velocity variation w.r.t. time and for 1 = 2 = 3 = 4 = 1
Solve (14d) for different iterations with the help of MATLAB softerware
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VI. In Table 2 , Solution for velocity of the non-spherical particle during the acceleration motion is obtain by Varinational Iteration Method (VIM) of different iterations and compare with R-K 4 th order( numerical solution of the same problem) to choose accurate iteration which gives the more accurate results. From fig.2 . , we obvers that 4 th iteration of Varinational Iteration Method (VIM) is more close to numerical method as comparative to other iterations. So we will choose 4 th iteration of VIM for comparison with other proposed method (Diagonal pade 'method).
V. RUNGE-KUTTA 4 th ORDER METHOD (NUMERICALMETHOD)
It is clear that the type of current problem is initial value problem (IVP) of 1 st order. So far a solution, we can apply numerical methods like trapezoidal method, Euler's method (1 st order R-K method), and mid-point method. Trapezoidal method is generally used for typical problems. Mid-point method is the modification of Euler's method. Thus the mid-point method is as a suitable numerical technique in present problem which is also called R-K 4 th order method (numerical method) [18] 
VII. CONCLUSION
The achievement of this work is to apply the current methods diagonal pade' and VIM in order to study the nonlinear differential equation of 1 st order with initial condition that governed from the acceleration motion of vertically falling non-spherically particle in incompressible Newtonian fluid. The current methods are applied without using any linearization, discretization, restrictions or transformations. From above discussion, it is clear that the diagonal pade' method [3/3] has a good agreement with numerical method and provides highly reliable results. In addition, this method does not require many iterations like VIM to reach accurate results. Both methods gives the accurate results in short time, but pade' methods is also suitable for long time. Also, the current method (diagonal pade') can be used to develop the valid solution of other nonlinear differential equation of order more than one.
